1. Introduction
===============

Vaginal disorders such as vaginal discharge, itching, and bad smell occur in most women during their lifetime ([@b1-epj-08-2818]). These symptoms cause problems in women, and eventually they tend to treat and cure these problems ([@b2-epj-08-2818], [@b3-epj-08-2818]). Vaginitis was shown in three types of infection: bacterial vaginosis, trichomoniasis, and vulvovaginal candidiasis ([@b4-epj-08-2818]). Among them, bacterial vaginosis (BV) is the most common cause of vaginal discharge in women of reproductive age and is the most common vaginal infection in the world ([@b1-epj-08-2818]). Bacterial vaginosis is a change in the normal vaginal flora, thus decreasing the hydrogen-peroxidase-producing lactobacilli and often causing an overgrowth of anaerobic bacteria ([@b5-epj-08-2818]). Etiology of bacterial vaginosis is not clear, but it is associated with the replacement of Lactobacillus bacteria in the vagina with other bacteria such as Gardenella vaginalis, ureaplasma, Mycoplasma hominis, mobiluncus, and other bacteria ([@b1-epj-08-2818], [@b6-epj-08-2818], [@b7-epj-08-2818]). Normally, lactic acid, hydrogen peroxide, and bacitracin are produced by Lactobacillus and help the vagina to keep its acidic PH and thus protect against infections caused by microorganisms ([@b8-epj-08-2818], [@b9-epj-08-2818]). Bacteria are responsible for producing bacterial vaginosis produce enzymes that remove protective layer (gel layer) of epithelium of vagina and cervix ([@b8-epj-08-2818]). The anaerobic produce inflammatory proteins as well as accompany pregnancy complications such as preterm delivery, pelvic inflammatory disease, endometritis, post-surgical gynecologic infections, gonorrhea, and clamidia trachomatis ([@b1-epj-08-2818], [@b6-epj-08-2818], [@b10-epj-08-2818]). Risk factors for bacterial vaginosis are to use an IUD, have numerous sex partners, have a new sex partner, to use condoms inappropriately, to smoke, etc. ([@b3-epj-08-2818], [@b11-epj-08-2818]--[@b13-epj-08-2818]). Consumption of oral contraceptives is inversely associated with the risk of bacterial vaginosis ([@b10-epj-08-2818]). The most common symptoms of bacterial vaginosis is a foul-smelling vaginal discharge ([@b1-epj-08-2818], [@b10-epj-08-2818]), which reduces the activity and performance of women in society and affects their sexual life ([@b14-epj-08-2818]). Clinical examination show a gray, diluted, and homogenized discharge that covers the vaginal wall and smells like fish ([@b12-epj-08-2818], [@b15-epj-08-2818]). The treatment of bacterial vaginosis is basically the use of topical or systemic antibiotics with an effect on anaerobic organisms not having any impact on normal vaginal lactobacilli. Of the antibiotics used are metronidazole and clindamycin ([@b16-epj-08-2818]). In addition to these cases, an acidic vaginal environment helps lactobacilli colonization and prevention of anaerobic growth ([@b17-epj-08-2818]). In addition, the use of antiseptics and probiotics also are effective in the treatment of bacterial vaginosis ([@b16-epj-08-2818]). Among them, metronidazole has been effective for more than 45 years as a treatment for infections such as for abdominal, gynecologic, and systemic infections ([@b18-epj-08-2818]). Metronidazole is a drug with high performance against anaerobic and with weak performance against lactobacilli; it is the drug of choice for BV. The drug is metabolized in the liver. Side effects of metronidazole are mild to moderate. Most problems associated with consumption of this drug are related to the patient's digestive system. Its serious and rare complications include seizures and peripheral neuropathy characterized by numbness and paresthesia in extremities, which have been observed in long-term treatment ([@b18-epj-08-2818]). The use of metronidazole can cause side effects such as darkening of the urine, drowsiness, metallic taste in the mouth, dizziness, nausea, transient decrease in blood neutrophils, Disulfiram reaction with alcohol, peripheral neuropathy, and vaginal candidiasis as well as diarrhea and vomiting and, rarely, pancreas inflammation (both in oral as well vaginal forms). In addition, in the event of rare cases, allergies or drug resistance to metronidazole may be observed. Many physicians prefer vaginal treatment to oral therapy due to avoidance of systemic side effects such as mild to moderate gastrointestinal problems and bad taste of drugs ([@b19-epj-08-2818]). In recent years, the consumption of herbal drugs has increased due to the interest in herbal medicines and side effects of chemical drugs. Research results also showed good effects in the treatment of various diseases, including bacterial disorders ([@b20-epj-08-2818], [@b21-epj-08-2818]), parasitic morbidities ([@b22-epj-08-2818], [@b23-epj-08-2818]), and cancer ([@b24-epj-08-2818]). Of the various plants that have received significant attention and research is Berberis vulgaris. Berberis vulgaris or Berberis vulgaris L belongs to the Berberidaceae family. Its shrub has a height of 1.5 to 3 meters, yellow twigs and branches are often raised with veined thistle, usually three branches, which each 6 to 18 mm. Berberine has anticonvulsant, sedative, and diuretic effects. Oxycontin chloride 0.01% and clumbamin chloride 1% kills bacillus subtilis, while berberine sulfate is anti-amoeba and tribumanuma ([@b25-epj-08-2818]). Given the high prevalence of bacterial vaginosis and problems of existing treatment such as side effects of metronidazole and tendency of people to use traditional therapies, along with the use of medicinal plants and properties of Berberis vulgaris, the aim of the present study was to compare the effects of metronidazole vaginal gel and Berberis and metronidazole gel alone in the treatment of recurrent bacterial vaginosis in women referred to women clinics of the Hajar Hospital in 2013.

2. Material and Methods
=======================

2.1. Trial design and participants
----------------------------------

This study was a randomized clinical trial conducted from April 2014 to September 2015. This clinical trial was conducted in an Iranian governmental educational hospital (Hajar Hospital). This hospital is affiliated with Shahrekord University of Medical Sciences, and it is the referral center of the Obstetrics and Gynecology Clinic. The study population was selected among the patients hospitalized in the Hajar Hospital in Shahrekord with bacterial vaginosis aged 18 to 40 years old referred to the Hajar hospital from January 2012 to April 2013.

2.2. Selection criteria
-----------------------

### 2.2.1. Inclusion criteria

The diagnosis of BV was based on Gram staining and Amsel's criteria. Having three positive criteria of four Amsel's criteria were considered as BV ([@b16-epj-08-2818]):

1.  Thin homogeneous white or gray vaginal discharge

2.  Positive whiff test

3.  More than 20% of clue cells in the wet smear of vagina

4.  Vaginal PH more than 4.5

Inclusion criteria were diagnosis of BV based on Amsel's criteria and married women aged between 18 to 40 years with a willingness to participate in the study.

### 2.2.2. Exclusion criteria

Exclusion criteria were use of systemic or local antibiotics in the past two weeks, post-menopausal women, pregnancy, virgin, hysterectomy, spotting, pelvic infection, sperm in smear, diseases such as diabetes and immune deficiency, and sensitivity to Berberis vulgaris.

2.3. Interventions
------------------

The researcher explained the goals and methods of the study to the patients who also signed an informed consent form. All patients could withdraw from the study at any time and for any reason. Patients in different groups were treated for five nights in the following way: Group A vaginal gel of Berberis vulgaris 5% in a metronidazole base, and Group B: vaginal gel of metronidazole 0.75% alone. Two to seven days after treatment, patients were evaluated for response again. To isolate the bacteria Gardenella vaginalis from clinical specimens, discharge on the twin 80 HBT, the human blood bilayers were cultured, an antibiogram of the isolated bacteria was performed, and the efficacy of fruit extract of Berberis vulgaris on culture environment was assessed. In order to increase the precision of the study, the experiments were repeated three times. The fruit of Berberis vulgaris from Mashhad (northeast of Iran) was collected. The extraction method was percolation with ethanol 70%. The prepared extract of Berberis vulgaris was added to metronidazole as the basis in a concentration of 5% by a pharmacologist. Prepared gels were filled in special tubes with the same shape and certain code. The antioxidant properties of Berberis vulgaris extracts were determined by DPPH method, which was used by Rabiei and colleagues ([@b19-epj-08-2818]). In order to determine the minimum inhibitory concentration (MIC) of the extract, 20 mg of extract was dissolved in 1 ml saline normal, then different dilutions in saline normal (1.25, 2.5, 5, 10, and 20) were prepared. In the next step, a loop of bacterial suspension was added into the Butylated hydroxytoluene (BHT) and incubated for four hours in 37°C. Finally, the dilution was inoculated in sterile condition in methylene blue agar medium for 24 hours in 37°C and evaluated for antibacterial activity. Patients were forbidden from vaginal washing, intercourse, and using any vaginal medication during treatment. The lack of four Amsel's criteria or the presence of only one criterion of Amsel was indicator of the treatment's achievement or failure ([@b27-epj-08-2818]). Patients who did not improve after seven days of treatment completion were referred for treatment with oral metronidazole. Antioxidant activity of Berberis vulgaris was carried out by Rabii and his colleague's method using DPPH ([@b28-epj-08-2818]). To prepare the extract, maceration was used. For this purpose, 5 g of Berberis vulgaris was transferred to Erlenmeyer flasks, and 10 ml of distilled water was added to it and steeped in laboratory temperature for 24 hours; then we use the flat Whatman paper and liquid water for examination with the help of machine vacuum distillation condensed and incubated at 37°C for 24 hours, the plates were stored. Each individual stocks of extract and BHT was dissolved separately with the concentration of 1 mg/ml and DPPH with concentration of 0.1 mM (all in the ethanol). Using Stoke achieved, six concentrations between 5 μg to 100 μg were prepared including 10, 20, 40, 60, 80, 100 in a volume of 2 ml and six extract concentrations were prepared the same way for BHT. Two ml of DPPH was added to each of the six concentration of extract or BHT and placed in the darkness for 15 minutes. The control tube containing only 2 ml of ethanol and two ml of DPPH were prepared alongside of the specimens. After 15 minutes, a spectrophotometer at a wavelength of 517 nm with zero ethanol Blank and samples were read and absorbed. The plotted concentration at which 50% of DPPH radicals was neutral that the x axis was extract concentration and y axis was inhibition concentration. The concentration at which 50% of DPPH was neutral was reported IC50 as the mg of dry extract or mM of antioxidant substance or number of neutralized DPPH molecules per molecule of antioxidant.

2.4. Outcomes
-------------

The primary outcomes of our analyses were the mean age, age at menarche, age at marriage, number of pregnancies, number of labors and abortions. Also, the secondary outcomes from the analyses infection, the number of infections, medical treatment, hospitalization, and home treatment of infection.

2.5. Sample size
----------------

The sample size was calculated to be 80 subjects. This sample size was calculated by assuming the test power of 80% and a confidence level of 95% and using the following formula: n = (Z~1−α/2~ + Z~1−β~)^2^\[P~1~ (1−P~1~) + P~2~(1−P~2~)\]/(P~1~−P~2~)^2^, where n = sample size; Z~1−α/2~ = 1.96 when α = 5% for two-sided test; Z~1−β~ = 0.842 when β = 20% (test power = 80%); and P = probability of the main outcome.

2.6. Randomization and blinding
-------------------------------

Patients and physicians were not informed of the Drug Code. Randomization was done using the coded papers. The patients in each group were matched in terms of age, education, parity, and contraceptive methods (40 in each group).

2.7. Statistical methods
------------------------

Data were analyzed by SPSS software (version 16; SPSS, Chicago, IL) using independent samples t-test, ANOVA, Tukey tests, and chi-square tests. P-value less than 0.05 was considered significant.

2.8. Research ethics
--------------------

The proposal for this thesis research was presented to the Ethics Committee of Shahrekord University of Medical Sciences after its scientific approval by the Obstetrics and Gynecology Department. The study was conducted in agreement with the Declaration of Helsinki and its subsequent revisions and in accordance with local Institutional Review Board recommendations. The Ethics Committee approved the study with No. 92-6-33. The authors confirm that all ongoing and related trials for this drug/intervention are registered. The participants were informed about the objective and nature of the study, and each participant provided her written consent in her native language (Persian) prior to the study. Also, we were committed to keeping all of the participants' information confidential.

3. Results
==========

In this study, 80 married women participated with an average age of 32.88 ± 6.04 years old with age range of 19 to 40 years old. In each group, 40 married women with one partner participated. Most women (92.5%) preferred to use one of the prevention methods of these natural way (34.2%), and no significant difference was observed between groups (p = 0.76) 90.8% of participants had a history of vaginal infection and 90.5% of them received previous treatment using medical methods. Among the samples, 27.5% had a history of home treatment and only 5% of the people had a history of hospitalization due to infection. The mean age, age at menarche, age at marriage, number of pregnancies, number of labors and abortions were studied in groups, and no significant difference was observed between them. Chi-square test showed that education and employment status in the two groups were the same ([Table 1](#t1-epj-08-2818){ref-type="table"}).

The two groups did not have any significant difference in terms of infection, the number of infections, medical treatment, hospitalization, and home treatment of infection. Chi-square test showed no significant differences in clinical symptoms of bacterial vaginosis at the baseline between the groups, so the groups were similar in terms of clinical symptoms ([Table 2](#t2-epj-08-2818){ref-type="table"}). The t-test was shown in which the two groups were significantly different in terms of improvement (p\<0.001). Overall, the results showed that the combination of Berberis vulgaris and metronidazole in the treatment of bacterial vaginosis is more effective than metronidazole alone. In addition, all patients taking Berberis vulgaris and metronidazole combination as their treatment were satisfied and did not experience recurrent infection during the three-week follow-up, while 12 patients (30%) in the metronidazole group had trouble with recurrence during their follow-up. The results showed that the bacteria was grown in the plate containing Berberis vulgaris extract dilutions, from the dilution 1.25 to dilution 10, but, in a dilution of 20, no bacteria was grown. MIC Berberis vulgaris extract for bacterial vaginalis is 20 mg liter. Results related to antioxidant status, phenols, flavonoids, and flavonols in Berberis vulgaris extract in DPPH method was given.

4. Discussion
=============

The results of this study indicated high efficacy of metronidazole vaginal gel with Berberis vulgaris fruit extract 5%, one applicator of 5 g daily for five consecutive nights for the treatment of bacterial vaginosis without causing any serious side effects. In this study, the improvement rate five days after the start of treatment, in the group of Berberis vulgaris and metronidazole, was higher than that of metronidazole alone. In addition, the relapse rate was 30% in the metronidazole group is consistent with the results of study by Sobel and colleagues (25.5%) ([@b29-epj-08-2818]). This study is the first human study on the effect of metronidazole vaginal gel with extracts of Berberis vulgaris fruit extract in the treatment of bacterial vaginosis. However, laboratory studies have demonstrated antimicrobial effects of Berberis vulgaris extract. Berberis vulgaris fruits are effective in the treatment of bacterial vaginosis due to the different properties of its active ingredients contained in it, especially berberine, which has anti-inflammatory, antihistamine and anti-microbial effects. Studies carried out on the chemical composition of Berberis vulgaris has shown that the active ingredient of the plant are excenel including berberine, berbamin, and palmatine ([@b30-epj-08-2818]). Of them, berberine in Berberis vulgaris is one of the most important compounds that has anti-bacterial and anti-fungal properties. Studies have shown that this substance has an inhibitory effect on the growth of Candida albicans, Trichomoniasis vaginalis, and staphylococcus aureus ([@b33-epj-08-2818]). Han and his colleagues showed that the combination of amphotericin B and berberine can reduce the dose required of amphotericin up to 75% in the treatment of candidiasis ([@b31-epj-08-2818]). In a study by Soffar et al., it was concluded that berberine has similar effects with metronidazole in inhibiting the growth of Trichomoniasis vaginalis, and it can be replaced by this drug ([@b32-epj-08-2818]). The mechanism of action of berberine cause inhibition of A and B surtase. The inhibition of this enzyme significantly decreased virulence and infectivity of S. aureus and is proposed as antibacterial mechanism for berberine ([@b33-epj-08-2818]). In addition to the antimicrobial effects of this substance, berberine has analgesic and anti-inflammatory properties, while the main problem in the bacterial vaginosis is foul-smelling vaginal discharge, itching, burning, redness, dyspareunia, dysmenorrhea, fever, and shivering ([@b34-epj-08-2818]). Küpeli et al. proved in their study the analgesic and anti-inflammatory effects of berberine, which is the most effective compound in Berberis vulgaris ([@b35-epj-08-2818]). Analgesic and anti-inflammatory effects of berberine is likely to be related with prostaglandin E2 and decrease in cyclooxygenase ([@b36-epj-08-2818]). Shamsa and his colleagues showed in their study that Berberis vulgaris fruit has anti-histamine properties ([@b37-epj-08-2818]). Berberis vulgaris fruits contain vitamin C and acid addition compounds ([@b38-epj-08-2818]). Therefore, vitamin C and acidic environment of the vagina can help vaginosis treatment ([@b38-epj-08-2818]). The existence of vitamin C in the vagina reduces vaginal acidity and then can inhibit the growth of bacteria, which are not able to grow in an acidic environment. In addition, bacteria like lactobacilli that reproduce in the vagina acidic conditions, tend to grow and practically inhibited undesirable anaerobes growth strongly by acidic vitamin C compounds ([@b39-epj-08-2818]). A study by Miraj et al. demonstrated that vaginal gel consist of a Myrtus communis or Berberis vulgaris extract in metronidazole base is more effective than metronidazole gel alone and could be used as alternative option in medication resistance patients or patients with a trend to herbal medicine. Because Myrtus communis and Berberis vulgaris have antibacterial, antifungal, and anti-inflammatory effects, it seems necessary to conduct more studies to evaluate efficacy of these plants in treatment of bacterial and nonbacterial vaginitis ([@b40-epj-08-2818]).

5. Conclusions
==============

Berberis vulgaris plus metronidazole vaginal gel was more effective than metronidazole gel alone in the treatment of patients with bacterial vaginosis as well as reduction of complaints and improvement of Amsel criteria and can be used as an appropriate treatment option in cases of drug resistance as well as people interested in treatment with the use of herbal medicines. The plant has antibacterial, antifungal, and anti-inflammatory properties; thus, it can be used in the treatment of diseases such as bacterial and nonbacterial vaginitis with further studies.
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###### 

Individual characteristics of participants in two groups under study

  Variable                                              Metronidazole   *Berberis vulgaris* at the base of metronidazole   *p*-value   
  ----------------------------------------------------- --------------- -------------------------------------------------- ----------- ------
  Age (mean and standard deviation)                     6.38 ± 48.32    96.6 ± 75.32                                       0.85        
  Menarche age (mean and standard deviation)            1.13 ± 45.13    1.05 ± 13.62                                       0.47        
  Marriage age (mean and standard deviation)            4.21 ± 20.25    3.73 ± 19.02                                       0.17        
  Number of pregnancies (mean and standard deviation)   1.31 ± 2.18     1.94 ± 2.32                                        0.68        
  Number of labors (mean and standard deviation)        1.30 ± 2.05     1.80 ± 1.92                                        0.72        
  Number of abortions (mean and standard deviation)     0.54 ± 0.25     0.65 ± 0.32                                        0.57        
  Employment status (frequency, percentage)             Employed        4                                                  8           0.21
  Unemployed                                            36              32                                                             
  Education                                             Illiterate      2                                                  3           0.18
  Undergraduate                                         19              11                                                             
  Graduated                                             19              26                                                             

###### 

Comparison of bacterial vaginosis symptoms in two groups at the baseline

  Variables             Metronidazole   *Berberis vulgaris* and metronidazole   *p*-value                 
  --------------------- --------------- --------------------------------------- ----------- ------ ------ ------
  Burning               Have            27                                      67.5        21     52.5   0.25
  Do not have           13              32.5                                    19          47.5          
  Itching               Have            25                                      62.5        20     50     0.36
  Do not have           15              5/37                                    20          50            
  Redness               Have            14                                      35          18     45     0.49
  Do not have           26              65                                      22          55            
  Dyspareunia           Have            16                                      40          18     45     0.82
  Do not have           24              60                                      22          55            
  Fever and shivering   Have            4                                       10          9      22.5   0.22
  Do not have           36              90                                      31          .577          
  Dysuria               Have            14                                      35          16     35     0.81
  Do not have           26              65                                      24          65            
  Dysmenorrhea          Have            18                                      45          19     47.5   0.98
  Do not have           22              55                                      21          52.5          
